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Abstract — A lot of research is happening in medical field in the area of prosthesis with a aim to reduce the cost and at the 
same time, the artificial limb being effective. The current work concentrates on the area of prosthetic hand. Most of the 
prosthetic arms currently available are motor driven and costly. There are non-powered prosthetic hand also but involve the 
use of elastic band on solid fingers which make the arms heavy. The current work is aimed at overcoming these difficulties by 
the use of EPE foamed fingers which are driven actuated by a tendon by the gesture of palm while the foam provides the 
necessary spring back. CAD models are prepared using proe while 3D printing is used for fabricating most of the arm. EPE 
is used as foam material while PEA and Acrylic are used for outer structure. 
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I. Introduction 

Human hand prosthetics is an increasingly interesting area in the field of medicine. With the advent of new materials and 
manufacturing technologies like 3D printing, a lot of advancements took place in this area. History as well as further 
prospects of 3D printing are given in [1]. Various materials used in 3D printing are detailed in [2]. The codes for 3D printing 
are achieved by mostly slicing stl files [3] and sometimes STEP files [4]. The application of 3D printing in product design has 
been briefed by 3DSystems[5]. Overview as to how 3D printing can be used for various applications is given in [6]. 
Fabricating using special materials like SMAs can also be achieved using 3D printing [7]. Even paper pulp can also be used 
for 3D printing [8] thus enabling low cost fabrications. An investigation into strength of FDM models using FEM is 
presented in [9]. The application of 3D printing in optics is discussed in [10]. 

The use of 3D printing medical industry has been discussed in various technical publications. Regulatory issues of the use of 
3D printing in medical industry are presented in [11]. Protolabs [12] gave a detailed overview of various manufacturing 
processes that can be used in low volume medical industry. It also detailed the advantage of using additive manufacturing in 
this area. Researchers from HCL technologies [13] and TCS [14] explained how 3D printing can be used in health care 
industry. These applications include printing organs, cells, skin etc. 3D Printing of tissues and organs, generation of 
customized prosthetics, implants, and anatomical models etc along with advantages is detailed in [15]. Use of 3D printing for 
proper selection of surgical procedures for cardiac surgery [16]. A similar application where additive manufacturing is used 
for planning surgery and preparation of customized hip replacement is discussed in [17]. Mika Salmi [18] investigated into 
the way of combining Medical imaging and Additive manufacturing for customized dental applications. As a part of these 
investigations, CAD models are created based on CT scan images based on which implants are designed and 3D printed. The 
use of 3D printed PLA scaffolds for cell adhesion, proliferation and differentiation of human bone-marrow mesenchymal 
stem cells is discussed in [19]. 

The use of 3D printing for manufacturing low cost prosthetic foot is detailed in [20]. The current area of work is the human 
hand prosthesis. The guidelines for prosthetic arms are given in [21]. Tendon and motor driven prosthetic arm design is 
discussed in [22]. Prosthetic arms are also actuated by palm orientation and without using any external power source. The use 
of 3D printing for human hand prosthesis is given in [23]. Various types of human hand prosthesis that are currently existing 
are detailed in [24]. Zuniga, et al [25] designed a low cost 3D printed prosthetic arm for children with hand reduction because 
of various reasons. The use of low cost 3D printed prosthetic hand in daily activities along with the economic and 
environmental aspects is presented in [26]. James Burck, et al [27] used modal based system to design neural movement 
capable prosthetic arm. 

II. Problem Definition 

As mentioned in the earlier section, the aim of the current work is to design a low cost prosthetic arm for hand reduction 
using both CAD software and 3D printing. Most of the work that happened for designing prosthetic arms, involve the use of 
solid fingers in combination with elastic bands (which are responsible for spring back of fingers during opening of the grip). 
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The current work is aimed at replacing these fingers using foamed fingers. For these 3D printed fingers in which EPE foam is 
inserted are used. 


III. Materials And Methods 


In the current work, Expanded Polyethylene (EPE) is used as foaming material. EPE is made from LDPE. It is a non-cross 
linked polymer and has good shock resistance and thermal resistance [28], [29]. The cushioning ability of this foam material 
helps in generating necessary spring back. Also since finger is being foamed, considerable reduction in weight of the finger is 
achieved. Fig 1 shows the image of EPE foam as an example. 


PLA (Poly-Lactic Acid) is a biodegradable thermoplastic that is made from natural sources like com seeds. PLA’s properties 
like very low shrinkage during cooling, low warping make it ideal for 3D printing. Also 3D printed PLA has considerable 
strength and thus is chosen for making exoskeleton of the prosthetic hand designed. The exoskeleton is designed using pro/e. 
Fig 2 shows the prosthetic arm exoskeleton designed. 



Figure 1: EPE Foam Figure2: Designed Prosthetic Figure 3: 3D printer used 

used arm Exoskeleton 

3D printing of the exoskeleton parts is carried out using Wanhao Duplicator i3 printer (Fig 3). The concept of 3D printing 
was first introduced by Chuck hull [30]. Various principles and methods now exist for 3D printing with most generally being 
slicing of stl files. In the current work, the modeled parts are exported into stl formats. Cura software is used for slicing the 
components. 


IV. 3D Printing 

Fig 4 (a) & (b) show the tool paths for extruder of the 3D printer to be followed for generating the designed component. 
Foam is inserted into the fingers manually by cutting from EPE sheet. The fabricated prosthetic hand is shown in figure 5. 
From the fig 5, it can be seen that foam is starting from the palm sleeve and continuing into the fingers. 3D printed finger 
exoskeleton provides hinged support to the palm cover/sleeve. Foam, during trials, proved that it can provide excellent spring 
back for fingers and thus enables opening of grip without the use of extra elastic material. 



(a) Tool path generated for palm cover (b) Tool path generated for finger 

EXOSKELETON 

Figure 4: Tool paths for various components of prosthetic arm 
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Figure 5: 3D printed Prosthetic arm 


V. Conclusion 

The availability of desktop 3D printers at low cost made it possible to fabricate customized prosthetic arms. The current work 
shows a new concept of prosthetic arm in which the regular solid 3D fingers are replaced with EPE foamed fingers. The 
exoskeleton of the fingers and the palm cover is 3D printed using PLA. Some parts like hand sleeve are made of thin acrylic 
so as to further reduce the cost by avoiding 3D printing where ever possible. EPE, by its material characteristics provides 
good spring back which helped in opening the grip automatically, thus avoiding the use of extra elastic bands. 

REFERENCES 

[1] W. Koff and P. Gustafson, “3D Printing and the Future of Manufacturing,” CSC Lead. Edge Forum , no. June, pp. 1-11, 2012. 

[2] Stratasys Direct Manufacturing, “3D Printing Materials: Choosing the Right Material For Your Application,” 2016. 

[3] Z. Zhao and L. Laperriere, “Adaptive Direct Slicing of the Solid Model for Rapid Prototyping,” Int. J. Prod. Res., vol. 38, no. 1, pp. 
69-83, 2000. 

[4] B. Starly, A. Lau, W. Sun, W. Lau, and T. Bradbury, “Direct slicing of STEP based NURBS models for layered manufacturing,” 
CAD Comput. Aided Des ., vol. 37, no. 4, pp. 387-397, 2005. 

[5] 3DSystems, “Top 10 Ways 3D printing Accelerates Product Design,” Scanning. . 

[6] S. Bhandari and B. Regina, “3D Printing and Its Applications,” Int. J. Comput. Sci. Inf. Technol. Res. ISSN , vol. 2, no. 2, pp. 378- 
380, 2014. 

[7] K. Yu, A. Ritchie, Y. Mao, M. L. Dunn, and H. J. Qi, “Controlled Sequential Shape Changing Components by 3D Printing of Shape 
Memory Polymer Multimaterials,” Procedia IUTAM , vol. 12, pp. 193-203, 2015. 

[8] Mcor Technologies, “How Paper-based 3D Printing Works,” pp. 1-10, 2013. 

[9] J. Martinez, J. L. Dieguez, E. Ares, A. Pereira, P. Hernandez, and J. A. Perez, “Comparative between FEM models for FDM parts 
and their approach to a real mechanical behaviour,” Procedia Eng., vol. 63, pp. 878-884, 2013. 

[10] K. Willis, E. Brockmeyer, S. Hudson, and I. Poupyrev, “Printed optics: 3D printing of embedded optical elements for interactive 
devices,” Proc. 25th Annu. ACM Symp. User interface Softw. Technol. - UIST ’12, pp. 589-598, 2012. 

[11] C. Davies et al., “3D printing of Medical Devices: When a Novel Technology Meets Traditional Legal Principles,” White Paper, Life 
Sciences Industry Group, vol. 4. ReedSmith, pp. 1999-1999, 1999. 

[12] Protolabs, “Prototyping and Low-Volume Production for Medical Applications: How Rapid Manufacturing Can Increase Speed to 
Market For Devices And Components,” 2015. [Online]. Available: https://www.protolabs.com/resources/whitepapers/2015/medical/. 

[13] S. Thangaraju and V. Chaudhary, “Application of 3D Printing in Healthcare,” 2014. 

[14] A. D. Ashok Khanna, Sukhdev Balaji, Thanga Jawahar, “3D Printing: New Opportunities for the Medical Devices Industry,” 2015. 

[15] C. L. Ventola, “Medical Applications for 3D Printing: Current and Projected Uses.,” P T, vol. 39, no. 10, pp. 704-711, 2014. 

[16] M. Lazkani, F. Bashir, K. Brady, S. Pophal, M. Morris, and A. Pershad, “Postinfarct VSD management using 3D computer printing 
assisted percutaneous closure,” Indian Heart J., vol. 67, no. 6, pp. 581-585, 2015. 

[17] 3ders.org, “3D printer helps difficult hip replacement,” 2013. [Online]. Available: http://www.3ders.org/articles/20130413-3d- 
printer-helps-difficult-hip-replacement.html. 

[18] M. Salmi, “Medical Applications of Additive Manufacturing in Surgery and Dental Care,” Aalto University, 2013. 


Page | 49 




International Journal of Engineering Research & Science (IJOER) 


ISSN: [2395-6992] 


[Vol-2, Issue- 10, October- 2016] 


[19] C. H. Yeh, Y. W. Chen, M. Y. Shie, and H. Y. Fang, “Poly(Dopamine)-assisted immobilization of Xu Duan on 3D printed 
poly(Lactic Acid) scaffolds to up-regulate osteogenic and angiogenic markers of bone marrow stem cells,” Materials (Basel)., vol. 8, 
no. 7, pp. 4299—4315, 2015. 

[20] J. Yap and G. Renda, “Low-cost 3D-printable prosthetic foot,” in Proceedings of the 3rd European Conference on Derign4Health , 
2016, no. July 2015. 

[21] R. F. Weir and D. Ph, “Design of Artificial Arms and Hands for Prosthetic Applications,” Stand. Handb. Biomed. Eng. Des., pp. 1- 
61,2004. 

[22] G. Jones and R. Stopforth, “Mechanical Design and Development of the Touch Hand II Prosthetic Hand,” RD J. South African Inst. 
Mech. Eng., vol. 32, no. August, pp. 23-34, 2016. 

[23] Www.kmsta.org, “3D printing technologies.” [Online]. Available: http://www.kmstsa.org/technologies.html. 

[24] T. Padir and J. Schaufeld, “Design of a Human Hand Prosthesis,” Fac. Worcester Polytech. Inst., p. 74, 2012. 

[25] J. Zuniga et al., “Cyborg beast: a low-cost 3d-printed prosthetic hand for children with upper-limb differences.,” BMC Res. Notes, 
vol. 8, no. l,p. 10, 2015. 

[26] C. Dally, D. Johnson, M. Canon, S. Ritter, and K. Mehta, “Characteristics of a 3D-printed prosthetic hand for use in developing 
countries,” Proc. 5th IEEE Glob. Humanit. Technol. Conf. GHTC 2015, no. October 2015, pp. 66-70, 2015. 

[27] J. Burck, M. J. Zeher, R. Armiger, and J. D. Beaty, “Developing the World’s Most Advanced Prosthetic Arm Using Model -Based 
Design,” The Mathworks News&Notes, pp. 1—4, 2009. 

[28] “Thermal Insulation - Expanded Polyethylene Foam.” [Online]. Available: http://nathanibiz.com/ncc/thermal-insulation- 
noncrosslinked-expanded-polyethylene-foam.php. 

[29] “Foam materials - EPP Foam - EPE Foam - EPS Foam.” [Online]. Available: http://www.efpcorp.com/material-info.cfm. 

[30] “3D Printing.” [Online]. Available: https://en.wikipedia.org/wiki/3D_printing. 


Page | 50 




